The aim of this work was to show few examples and few perspective of modeling in epidemiology. We began with differential equations which were a first tool to describe and predict that phenomena. Wroclaw as a cite was very important, because statistics from smallpox epidemic were used by Bernoulli to estimate parameters of first mathematical model of epidemic. Next step were SIR models and those also appeared first as differential equations. They were very popular in begin of XX century. When computer simulation changed the world of mathematical modeling agent-based models gave more possibilities in epidemiology. That models have a big privilege on differential equation, because of information of social network people habits and reaction on infections, which can me involved in agent-based models as well as governmental intervention. We showed in this work how that human relations are important in transmitting diseases and there is example, where it is possible to conduct experiments of significant policy relevance (vaccinating), such as investigating the initial growth of an epidemic on a real-world network. Presented H1N1 model cauld be observed in real time (prediction was made in September 2009 for winter season 2009/2010) what make it more exiting and also practice.
4.1) Introduction
This area is explored by researchers from different academic background: physicians, physicists, mathematicians, statisticians, computer scientists and sociologists. All of them have something to add and this work based on different base in different parts from mathematical beginning though computer science (simulations) and concept from physics to finish with sophisticated sociological and statistical analyses. Aim of our work was first to collect few perspective (mostly mathematical) and developed them, but in effect final analyze is more empirical, what make it more practical in use. This work is also very specious, because of its interdisciplinary and showing light on methods which were not use in epidemiology till this moment. Epidemiological models that treat transmission as "human-to-human" from differential equation point of view do exist in older literature, but in more recent agent-based models appear more often [1] . We have started from general idea of models in this area with fascinating role of our cityWrocław, then turn to differential equation models and finish with agent-based models. Mathematical models and computer simulation start to play significant role as quantity of social interactions is enormous, but more important than simulations are real data especially register-based. Simulation has sense only if there are some data you can calibrate parameters to run yours simulations. This need enables cooperation between registering institutions which exerts a pressure on collecting data for simple analyse with many researchers who work on new models and use complex tools taken often from other disciplines. Our agent-based models were calibrated on Swedish data, because that country has a huge dataset of citizen's activities and give opportunity to analyze them. In both cases we show that one year is a typical time window as it was showed in prevous article of this book.
4.2) Epidemics
An epidemic (from Greek epi-upon + demos people) an occurrence of disease that is temporarily of high prevalence. The rise and decline in epidemic prevalence of an infectious disease is a probability phenomenon dependent upon transfer of an effective dose of the infectious agent from an infected individual to a susceptible one 1 . The same phenomena is called epizootic by animals and epizitofic by plants. In recent usages, the disease is not required to be communicable; examples include cancer or heart disease, but we concentrate only those with transmission in this work. If epidemic occurring over a wide geographical area (e.g, worldwide) is called a pandemic. Nowadays we have a lot of examples of pandemics and this problem will be solving. Who didn't hear about swine flu during spring 2009 or bird flu in 2005?
Science, which cope with epidemics is epidemiology. Epidemiological studies may be classified as descriptive or analytic. In descriptive epidemiology, demographic surveys are used to determine the nature of the population affected by the disorder in question, noting factors such as age, sex, ethnic group, and occupation among those afflicted. Other descriptive studies may follow the occurrence of a disease over several years to determine changes or variations in incidence or mortality; geographic variations may also be noted. Descriptive studies also help to identify new disease syndromes or suggest previously unrecognized associations between risk factors and disease. In addition to providing clues to the causes of various diseases, epidemiological studies are used to plan new health services, determining the incidence of various illnesses in the population to be served, and to evaluate the overall health status of a given population. In most countries of the world, publichealth authorities regularly gather epidemiological data on specific diseases and mortality rates in their populaces 2 . Main field of their studies focus on noninteracting systems. Most of knowledge came from analytical analysis and tests. These studies divide a sample population into two or more groups, selected on the basis of suspected causal factor (for example, cigarette smoking) and then monitor differences in incidence, mortality, or other variables. This way of studying statistical properties can be supplemented by modeling. Mathematical models can help in describing phenomena of epidemiology spreading and give an answer how to fight with them. There are many problems in modeling because of big variety of epidemic types. Many of epidemics appeared in developed countries, such as colds or influenza, cause only temporal disease to most sufferers, although economically (in terms of medical cost or employment) their effects may be substantial. On the other hand in undeveloped countries experienced diseases such cholera, and cause large numbers of death, especially if treatment is not available.
4.3) Historical aside on epidemics
During ages appear phenomena, which is called by demographers epidemiological transition. The main process is a transition from communicable or infectious diseases to man-made disease as a cause of mortality. In deed, knowledge of causes of death in less developed population based on bacteria and virus. Data provided by UN in typical population with big proportion of young people and quit big mortality about 35% of death are caused by infectious and respiratory diseases, 25% cardiovascular diseases and cancer. Instead that in typical population with big proportion of old people and quit low mortality with first group of death is connected less than 5% of deaths, with second more than 80%. According to this concept dynamic of population change in not cause by natality, but by morbidity. The same oscillation are observed in animal world. Mathematical model of Volterra-Lotka shows how 2 populations of predator and pray are changing in time. That extraordinary deaths are sometimes called catastrophic and in human world ware caused by epidemics, famine etc. A. R. Orman suggested sequence of 3 types of mortality [2] : age of plagues (big fluctuations in cycles of famine and epidemics); age of expiring epidemics (much more systematic deaths and much less fluctuations); age of man-made disease (stable level of deaths). We can think, then in last phase epidemics should not appear. Unfortunately old people in modern societies are more vulnerable to infectious diseases. They often live in crowded cities and infectious diseases can get in to synergy with old-people-diseases. Parallel appeared new species resistant to drugs. Let set some variable to describe his model: − the present age, expressed in years=x; − the number of survivors at this age=ζ; − the number of those who have not had smallpox at this age=s; − and let us retain the meaning given above to the letters m and n .
Here is the reasoning which can be followed to find a general expression for. There are some parameters, which are used today, introduced by Bernoulli: force of infection 1/n (the annual rate of acquiring an infection) the case fatality 1/m (the proportion of infections resulting in death). From several large cities (not only Wroclaw) which recorded cause-specific numbers of deaths, estimates of 1/m were known to be about 1/13 so 7.7%. Bernoulli used Halley's life table for the city of Wroclaw and came up with the estimates 1/n =1/8 and also 1/m=1/8 so 12.5%. For Paris he assumed a life expectancy of 32 years which yields a proportion of susceptible individuals of 15%. Mathematical description of phenomena needs more assumptions has to be made in terms of understanding real situation. In first instance let consider the spread of a non-fatal disease, to which no-one is naturally immune. Suppose the population can be divided into two groups: Susceptible-Healthy and Infectious-Infected [5] .
4.5) Differential equations of epidemics

Assume that at general time t: S(t) = Number of Susceptible I(t) = Number of Invectives with S(t)+I(t) = N
The problem now to model spread of the disease. Consider a single susceptible individual in a homogeneously mixing population. This individual contacts other members of the population at the rate C (with units time -1 ) and a proportion I/N of these contacts are with individuals who are infectious. If the probability of transmission of infection given contact is β, then the rate at which the infection is transmitted to susceptibles is βCI/N, and the rate at which the susceptible population becomes infected is βCSI/N. The contact rate is often a function of population density, reflecting the fact that contacts take time and saturation occurs. One can envisage situations where C could be approximately proportional to N (which corresponds to mass action), and other situations where C may be approximately constant. Hence terms like βSI and βSI/N are frequently seen in the literature. For these, and in many instances where the population density is constant, the contact rate function C has been subsumed into β, which is now no longer a probability but a "transmission coefficient" with units time -1 . To reduce number of coefficient let write: r= βC/N. The number of invectives at time t is given by the differential equation:
That simple model show, that epidemics spread rapidly through a closed community, when it is reasonable to assume that there are no recoveries during the period of epidemic. However it is not valid in most cases. Thus development of model allow possibility of recovery. Following recovery, and individual either becomes immune to the disease or again becomes susceptible to it. Initially we will couple with second case. Looking at the recovery term we assume that it is proportional relationship with invectives. It gives: dI dt =rSI −aI (4.8) In next step suppose that population is divided into three classes: the susceptibles (S) who can catch the disease; the infectives (I), who can transmit disease and have it; and the removed (R) who had the disease and are recovered (with immune) or isolated from society. Schema of transition can be represented [6] :
The model mechanism may be updated to following form: A key question in for given r, a, S0, I0, whether the infection will spread or not and if it how it develops in time and when it start to decline. Since initial condition on S-S0<a/r then dI/dt<0 in which case I0>I(t) and I goes to 0 with t going to infinity. On the other hand if S0>a/r then I(t) increase and appear epidemic. We have something like threshold phenomenon Sc and depend on level of initial numbers.
Inversion of this critical parameter is infection's contact rate (=r/a).
We can write:
where R0 is basic reproduction rate of the infection. This rate is crucial for dealing with and an epidemic which can be under control with vaccination for example. Action is needed if R0>1, because epidemic clearly ensues then. We have be know It is rapidly seen that S(t)=a/r and I(t)=u/a are an equilibrium state corresponding to 4.13-15. Of course this model can be more complicated, but without change in this system of equations. Our parameter u, which describes replenishment from R to S can be understand as a migration rate and taking initial condition of R we have possibility to build reservoir of population, which can migrate into system. That few simple models are only beginnings of this work and give one base for further consideration and more sophisticated (but not in terms of differential equation) models. R0 as the basic reproduction rate must be established on time interval. Dynamic properties of epidemic bring problems with validity of proposed R0. It has to be optimized (cannot obey only short time scale or only long). Concepts from introduction of whole book can be used for that.
4.6) Consequences to Society of H1N1 Pandemic in Sweden 4
Traditionally SIR-models have been used to aid the understanding of these processes (what we were showing in previous chapters). SIR is a compartmental model in which differential equations govern the dynamic flow between three compartments and no contact structure is assumed. In an SIR-type model, the population is split into three different groups and the majority of the population is 3 Reference [6] . You can find more historical example, where epidemic statistics fit to model as here. This one looks like ideal epidemic curve. 4 I was involved in that project. Results were used in governmental purpose and published in Swedish [7] .
placed in the susceptible compartment. All information about society is used in microsimulation, so it can give better prediction, then differential equations. Simplified compartmental models provide inadequate representations because contacts between susceptible and infectious persons are not random [8] . We can use a lot of information in this consideration, which are provided by government. Another reason is that, there is possible to run algorithms for society of whole country-Sweden and there are not too time consuming, e.g. one 180 day simulation take about less than 1h on personal computer. Database of programme takes account data from: 1. National population register-all information about sex, age, etc. 2. Employment register-it provides list of employee or students 3. Geography database -100x100 coordinates of houses, schools, hospitals or workplaces Disease transmission is performed twice daily at 9 am and 5 pm. Programme checks where are all persons during that day hours and night hours. The house member lists and patient lists are iterated to calculate the combined infectiousness of their members. In the case of larger workplaces, the member lists are further divided into departments. After the combined infectiousness is determined, the list members are exposed and infected according to infection risk. is divided into 81 regions with their own characteristics of density or intensivity of traveling):
Infectionous scheme depends on level of illness. Carrat [11] introduced profile which was used by authors of model in sense of Weibull distribution. After some calibration it was found that the best probabilities give transmission coefficient R 0 at level 1,4. The simulations were run with the following assumptions. The outbreak of pandemic influenza in Sweden starts depend of method in June or in September. R0-value corresponding approximately to 1,4 in main model, because that was observed in New Zealand during their outbreak. The viral infectivity is markedly initially R0 value of approximately 2,1 in preliminary method.
Formula for R 0 given in chapter about differential equations is redefined as the average number of individuals a typical person infects under his/her full infectious.
Immunity was calibrated in model to obtain R0 =1,4 S0: Total number of susceptible individuals before the outbreak A: Total number of susceptible individuals after the outbreak Formula (4.16) is defined as the average number of individuals a typical person infects under his/her full infectious and its aproximation of reproduction rate from 6 Swedish transport data was from governmental report [10] Brouwers [12] One of infectivity profiles (there are more in original paper) previous chapter (4.12) . Let remain at this point the goal of whole book. R0 is oriented on time interval. Difficulty with establishment of this value comes from seasonality of influenza. The main Swedish epidemiologist established R0 from previous season in calendar winter of New Zealand due to similarity of this country in terms of size (population and geographic) or special aspect of isolation.
To compare the societal costs of the scenarios, the following costs-obtained from health economists at the Swedish Institute for Infectious Disease Control (SMI)-were used:
•Cost of one day's absence from work, for a worker: SEK 900.
•Cost of treatment by a doctor in primary care: SEK 2000.
•Cost of one day's inpatient care: SEK 8000.
•Cost of vaccine and administration of vaccination for one person: SEK 300.
For all scenarios, the SEK 300 vaccine costs are based on the assumption that the entire population is vaccinated (a total of 18 million doses), split evenly between vaccine cost and vaccine administration. This means that no savings on vaccine administration can be attributed to a lower number of vaccinated than 90%. The model presupposes absent workers to take care of sick children, and thus sick children do not produce the SEK 900 cost in a family where a parent is already ill. The following scenarios were compared: no response, the vaccination coverage of 30%, 50%, 60%, 70% or 90%. Each simulation take 180 days and starts with 50 randomly selected infected individuals at day 0. Day 0 in the model corresponds to the first September 2009. Some scenarios were investigated during 300 days, this was where it was interesting to see whether the outbreak was going to appear after 180 days. This model is one of the first [13] , which are using individual social properties of society and it is first one, which works on scale of whole country. We have to careful with interpret the results. It was announced to the media and if You look at official report, You will find that it was censored to avoid public panic. One thing is very important-Swedish politics makers have seen it and they gave feedback, which make this model more realistic. One of conclusion of the report was to vaccinate more than 70% of population. In Sweden, vaccination is voluntary, but for the purpose of these simulation experiments it was assumed, somewhat unrealistically. It is difficult to say when appear really outbreak, but when we look at real data we can see, that model is almost correct to this time with following suggestions: Authors hypothesis is that the relatively rapid, especially in view of the R0 values reported, peaks in Australia and New Zealand could be explained by the earliest cases going unrecognized, and a constant influx of new cases from abroad. 
4.7) Summary
The aim of this work was to show few examples and few perspective of mathematical modeling in epidemiology. We began with differential equations which were a first tool to describe and predict that phenomena. Wroclaw as a city was very important, because statistics from smallpox epidemic were used by Bernoulli to estimate parameters of first mathematical model of epidemic. Next step were SIR models and those also appeared first as differential equations. They were very popular in begin of XX century. When computer simulation changed the world of mathematical modeling agent-based models gave more possibilities in epidemiology. That model have a big privilege on differential equation, because of information of social network, people habits and reaction on infections, which can me involved in agent-based models as well as governmental intervention. We showed in this work how that human relation are important in transmitting diseases and there are institutions, whose aim are to decrease cost of epidemic in societies (like ECDC: European Centre for Disease Prevention and Control). In recent years, the knowledge of social networks experienced an accelerating growth. To solve more complex and sophisticated social problems, new types of tools and models are constantly developed. Simulation modeling is very important because it provides the insight into the dynamics of the social process whereas commonly 9 Brouwers [7] English translation of graph description 10 SMI: Numbers of positive test on H1N1 of infections are reported weekly on website http://www.smi.se. There is opinion, that only 1/10 of all cases of infection is tested positive in labs. In that terms simulation gives the same result as real life.
used methods of research not always make it possible. Moreover, such models allow not only to test theory but also they are inspiring and may support constructing new theories in sociology. The most interesting is the possibility to study the dynamics of collective behaviour itself and the relationships among variables of interest.
As a example we presented H1N1 pandemic in winter 2009/2010. This very sophisticated model is first in history, which calculate states of all agents which represent all citizen of Country (Population of Sweden is about 9 millions). We could observe last winter how this model is suitable to real situation. This is the best prove of goodness of that model. That shows, that mathematical modeling can by useful and gives answer (in this case about vaccination of population).
